Brominated flame retardants (BFRs) have been used for the last 60 years, but their negative effects on animals and possibly humans has only been observed in the last 20 years, and they have been intensively studied since then. The widespread presence of flame retardant in the indoor environment make domestic pets, who share the human environment and even food, perfect indicators for biomonitoring studies. Among brominated flame retardants, polybrominated diphenyl ethers (BDE) have received the most attention. We measured the concentrations of some polybrominated diphenyl ether congeners (BDE 28, BDE 47, BDE 66, BDE 100, BDE 99, BDE 85, BDE 154, BDE 153 and BDE 183) in the serum of 20 obese and 20 normal house dogs. We found no statistical differences between the concentrations of any BDE congeners in either group of dogs. Total average values were 0.0190 ± 0.0302 ng/g and 0.0112 ± 0.0091 ng/g, respectively. BDE 47 and BDE 99 were predominant congeners in both groups of dogs. The correlation between serum concentrations of total BDE-s and thyroxine and thyroid-stimulating hormone concentrations were not significant.
BDEs were analysed in the serum of 20 obese and 20 normal house dogs by gas chromatography/high-resolution mass spectrometry (GC/HRMS), using isotope dilution for the quantitation as described in the EPA1614A (ANONYM., 2010) .
Serum samples were accurately weighed in an air-tight glass vial and 2 ng of 13C12 labelled analogues of every target BDE (MBDE-MXFS; Wellington Laboratories, Guelph, Ontario) was added using a microsyringe (Hamilton, Reno, Nevada) and thoroughly mixed for at least 1 minute. Then an amount of formic acid (≥90%, Analar NORMAPUR; VWR International, Radnor, Pennsylvania) equivalent to the serum volume was added to the vial and left to react. After 20 minutes an equivalent amount of MilliQ water (Millipore, Brussels) was added to stop the reaction. Within this time a C18 SPE cartridge (ISOLUTE C18 100 mg/3 mL; Biotage, Uppsala) was conditioned in a Flashvac extraction vacuum manifold (Biotage, Uppsala) with 6 mL of methanol (Dioxins analysis grade; Biosolve, Valkenswaard) and 6 mL of MilliQ water at the rhythm of 1 drop per second (the cartridges were capped between the additions to avoid contamination from the laboratory air). Then, the sample was transferred to the cartridge and the vial rinsed twice with MilliQ water. Next, the C18 cartridge was dried under nitrogen flow (6.0 grade; Westfalen AG, Münster) for 1 hour and the PBDEs were eluted with 9 mL of n-hexane (Dioxins analysis grade; Biosolve, Valkenswaard) in a glass vial. Finally, the sample was evaporated to 100 µL under nitrogen flow and closed air-tight.
The purification was carried out using a basic alumina SPE cartridge (ISOLUTE AL-B 100 mg/1 mL; Biotage, Uppsala) containing 100 mg of silica, acidified with 44% of H2SO4 (≥95-97%, Analar NORMAPUR; VWR International, Radnor, Pennsylvania) and 100 mg of Na 2 SO 4 (anhydrous, Analar NORMAPUR; VWR International, Radnor, Pennsylvania). This cartridge was conditioned with 2 mL of a 1:1 mixture of n-hexane:dichloromethane and 2 mL of n-hexane. Then, the sample was transferred to the cartridge and the vial rinsed with 2 times 200 µL of n-hexane. The BDEs were eluted with 2 volumes of a 1:1 mix of n-hexane:dichloromethane in a glass vial containing 4 µL of n-nonane (≥99%; Sigma-Aldrich, St. Louis) used as keeper. Finally, the sample was concentrated to 4 µL under nitrogen flow and spiked with 2 ng of 13C12 labelled recovery standard (MBDE-MXFR; Wellington Laboratories, Guelph, Ontario) to reach a final volume of 6 µL.
Two µL of the sample was injected into a splitless injector, held at 275 °C with a 1 minute splitless time. The separation was achieved in a DB-5ht gas chromatography column (15 m × 0.25 mm × 0.1 µm; Agilent Technologies, Palo Alto, California) coupled to an Autospec Premier sector mass spectrometer (Waters Corporation, Milford, Massachusetts) set at 10000 mass resolution. The analytes were eluted with a 1 mL/ min helium flow (6.0 grade; L'Air Liquide SA, Paris) and the following temperature program: 80 °C for 2 minutes, ramped to 170 °C at 30 °C/min, then to 210 °C at 3 °C/ E. Srebočan et al.: Levels of polybrominated diphenyl ether congeners in the serumof dogs as a potential indicator of environmental pollution and human exposure min, to 270 °C at 5 °C/min and finally to 380 °C at 70 °C/min, which was held for 2 min. Compounds were detected in SIM (Selected Ion Monitoring) mode according to the mass list in Table 1 . Two ions were monitored for every BDE and their ion ratios measured in order to ensure specificity (ANONYM., 2010). Prior to the sample injection, the instrument was calibrated with a commercial 5 point calibration curve (BDE-CVS-F; Wellington Laboratories, Guelph, Ontario) and the procedural blank was analysed to check the contamination level. Validation was carried out by analysing 2 samples 3 times at 3 different levels (12.5, 25 and 100 pg/g serum) as recommended in the European Food and Feed Regulations (ANONYM., 2017; ANONYM., 2009). The validation samples were made with foetal bovine serum (Sigma-Aldrich, St. Louis) spiked with PBDEs (BDE-MXF; Wellington Laboratories, Guelph, Ontario) at the levels of interest then analysed using the procedure described. The LOQs were determined using the European LOQs guideline for contaminants (WENZL et al., 2016) . The blank approach from the dioxins chapter was used for the PBDEs present in the procedural blanks (BDE 47, 100 and 99) and the signal to noise approach for the remaining (BDE 28, 66, 85, 154, 153 and 183) . Low LOQs (0.2 -4.0 pg/g) were achieved by taking precautions to avoid contamination, and the concentration factor in the injection vial. The expanded uncertainties (8 -18%) were calculated using the top-down approach, as described in the European Measurement Uncertainty Guidelines for dioxins and PCBs (EPPE et al., 2017) using a coverage factor of 2.
Thyroxine and thyroid-stimulating hormone (TSH) concentrations were measured in the sera by solid-phase, two-site chemiluminescent immunometric canine specific Table 4 presents descriptive statistics of the thyroxine and thyroid-stimulating hormone (TSH) concentrations of obese and normal dogs. The dogs were of various ages, sexes and weights. We found no statistical differences between concentrations of total BDE-s between the groups of dogs, although the obese dogs had slightly higher concentrations. Total average values were 0.0190 ± 0.0302 ng g-1 and 0.0112 ± 0.0091 ng g-1, respectively (Table 5) .
DE 47 and BDE 99 were the predominant congeners in both groups of dogs. Tendencies towards a negative association between concentrations of total BDE-s and thyroxine (r = -0.31, n.s.), as well as a positive association between concentrations of total BDE-s and TSH hormone concentrations (r = 0.032, n.s.) were observed in the obese dogs. discussion Since Croatia adopted the Stockholm Convention on persistent organic pollutants (POPs), it has the obligation to draw up a plan for implementation of the Convention, which was completed this year through the Ministry of Environment and Energy. Considering this, we investigated the presence of some BDE congeners in pets who share the human environment and even their food. Average and median total BDE concentrations in our dogs were considerably lower than those in a US study (average 3.96 ± 2.23 ng/g; median 1.17 ng/g, although in the US study only seven congeners were measured (VENIER and HITES, 2011) . It is important to stress that these authors found that BDE 209 was the most abundant congener in the dog food. Similar results were also E. Srebočan et al.: Levels of polybrominated diphenyl ether congeners in the serumof dogs as a potential indicator of environmental pollution and human exposure obtained for cats in a US study (young cats 4.3 ± 1.5 ng/g (median 3.5); old euthyroid cats 10.5 ± 3.5 ng/g (median 5.9); and old hyperthyroid cats 12.7 ± 3.9 ng/g (median 6.2) (DYE et al., 2007) . Cats usually have higher concentrations of contaminants present in the air, such as various retardants, which bind with dust, because they lick themselves much more than dogs . Another source of contamination is food. The higher concentration of BDEs in obese dogs in our study suggests that dogs might accumulate these chemicals mainly through their diet, since daily feeding portions are larger in obese dogs than in normal dogs. It is also possible that species-specific metabolic capacity for BDEs is the cause of this difference . In cats there were indications of an association between elevated BDE concentrations and hyperthyroidism (NORRGRAN et al., 2015) , which we did not find in our study. We did not measure metabolites of BDE-s, but hydroxylated BDEs would probably correlate better than the parent compounds as they are more potent TH disruptors than the parent compounds (CHEVRIER, 2013) . All this may be extrapolated to humans. As far as we know, this is the first report on BDE presence in biological material in Croatia.
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